Many studies have shown that sleep improves memory performance, and that even short naps during the day are beneficial. Certain physiological components of sleep such as spindles and slow-wave-sleep are thought to be particularly important for memory consolidation. The aim of this experiment was to reveal the role of naps for hippocampus-dependent associative memory (AM) and hippocampus-independent item memory (IM) alongside their corresponding ERP old/new effects. Participants learnt single words and word-pairs before performing an IM-and an AM-test (baseline). One group was subsequently allowed to nap ($90 min) while the other watched DVDs (control group). Afterwards, both groups performed a final IM-and AM-test for the learned stimuli (posttest). IM performance decreased for both groups, while AM performance decreased for the control group but remained constant for the nap group, consistent with predictions concerning the selective impact of napping on hippocampus-dependent recognition. Putative ERP correlates of familiarity and recollection were observed in the IM posttest, whereas only the later recollection-related effect was present in the AM test. Notably, none of these effects varied with group. Positive correlations were observed between spindle density during slow-wave-sleep and AM posttest performance as well as between spindle density during non-REM sleep and AM baseline performance, showing that successful learning and retrieval both before and after sleep relates to spindle density during nap sleep. Together, these results speak for a selective beneficial impact of naps on hippocampus-dependent memories.
Introduction
Sleep is thought to play an important role in memory consolidation. An increasing number of studies have shown benefits in different memory tasks after sleep compared to a comparable time awake (Diekelmann & Born, 2010; Diekelmann, Wilhelm, & Born, 2009) . In declarative memory tasks, sleep benefits have been demonstrated, amongst others, for associated items (Marshall, Molle, Hallschmid, & Born, 2004; Tucker & Fishbein, 2008; Tucker et al., 2006) and in spatial memory tasks (Peigneux et al., 2004; Plihal & Born, 1999) . It is currently thought that hippocampusdependent memory consolidation benefits from non-REM (NREM) sleep, in particular from slow oscillations (<1 Hz) during slow-wave-sleep (SWS) and associated sleep spindles (oscillations between 12 and 15 Hz) (Born, Rasch, & Gais, 2006; Born & Wilhelm, 2012) .
Although there is increasing evidence for the beneficial impact of sleep on declarative memory consolidation, less is known about the impact of nap sleep on recognition memory. The aim of the present study was to use behavioral and ERP measures of recognition memory together with polysomnographic data to investigate the benefits of nap sleep and the mechanisms by which nap sleep enhances declarative memory retention.
To date, a number of studies have shown that the density of sleep spindles is associated with enhanced declarative memory (Gais, Molle, Helms, & Born, 2002; Mednick et al., 2013; Saletin, Goldstein, & Walker, 2011; Schabus et al., 2004; Schmidt et al., 2006) . Mednick et al. (2013) experimentally increased spindle density with a drug during a daytime nap, which led to better wordpair associate memory performance compared with a placebo. A recent study by Cox, Hofman, and Talamini (2012) indicated that the beneficial effect of sleep spindles on memory is specific to SWS by showing not only that spindle density in SWS is higher than in light sleep (S2) but that only spindle density in SWS and not in light sleep was positively correlated with memory performance. This pattern suggests that the beneficial effect of sleep spindles on memory consolidation is dependent on the co-occurrence of slow oscillations (Cox et al., 2012) .
According to the active system consolidation hypothesis, benefits come about because new declarative information is initially encoded in both the hippocampus and neocortex from where, in a
